Human mucous proteinase inhibitor (MPI) is present in branchial secretions, where it participates in the protection of lung structures against degradation by leukocyte elastase. The protein has been localized by immunohistochemical studies and immunogold labeling essentially in the serous cells of the submucosal glands and also in the surface epithelial cells of central and peripheral airways. However, until now no gene expression study has been performed at the tissue level. In this study, in situ hybridization was used to precisely study MPI mRNA expression in bronchial tissue sections with a
Introduction
Mucous proteinase inhibitor (MPI), also called anti-leukoprotease or secretory leukocyte proteinase inhibitor (SLPI), is found in mucous secretions where it is believed to play a role in the protection of the mucosae from injury associated with inflammation and tissue destruction. This low molecular mass serine proteinase inhibitor is likely to have an important function in the protection of lung structures against degradation by leukocyte elastase (1). Therefore, knowledge of its cellular expression is needed for a better understanding of its involvement in pathological events. It has been shown by immunohistochemical studies to be located in the serous cells of the submucosal glands of human upper and lower airways ( 2 ) . The same group later localized the protein by immunoelectron microscopy to the secretory granules of Clara and goblet cells of the bronchiolar epithelium (3) and in association with elastin fibers in the alveolar interstitium (4). Thereafter, a 0.7 KB MPI transcript was found in bronchial epithelial cells isolated from normal tissues and in cell lines from lung squamous carcinoma (5,b). Quite recently, evidence has been presented for MPI synthesis by two carcinoma cell lines that have features of Clara and Type I1 alveolar cells found in peripheral airways (7) . However, no in situ study of MPI gene expression in the airways has been performed until now.
In the present work, we used in situ hybridization as a new ap- proach to investigate the expression of MPI at the bronchial and bronchoalveolar levels of the respiratory tract. We demonstrate that MPI expression is confined to the serous cells of the submucosal glands.
Materials and Methods
Choice of Oligonucleotides. The oligonucleotide designated NAU 40 (sense probe) was constructed from the DNA sequence of MPI (8) which encodes the active site region located in the carboxy terminal domain (amino acids 66-81) of the protein (9) . The oligonucleotide designated NAU 41 (anti-sense complementary probe) was used for positive hybridization studies. The two sequences are as follows: Preparation and Labeling of the Probes. The two 48-mer oligonucleotides were synthesized by Eurogentec (Litge. Belgium) and were purified as previously described (10) . Labeling of 50 ng each with 50 pCi a-[35S]thiodeoxyadenosine triphosphate (>lo0 Ci/mmol) (Amersham; Les Ulis, France) was also performed as described (10) .
Tissue Selection and Processing. Samples of human bronchial mucosae were taken from macroscopically and histologically normal margins of surgical specimens that were removed from central and peripheral airways. Samples were also obtained from large airways of patients with welldifferentiated bronchial adenocarcinoma and from peripheral airways of * -a patient with bronchoalveolar emphysema. All were taken less than 5 min after surgical removal and were processed as described (10).
In Situ Hybridization. The protocol used was that previously described (10) . with slight modifications. Briefly, the sections were washed in distilled water and incubated in 4 x SSPE (standard sodium phosphate E m ) , 1 x Denhardr's buffer for 1 hr at room temperature (RT). They were dehydrated in 30%. 70%. and 100% ethanol and dried ar RT. The fixed sections were probed with 30-40 pl of a solution containing 1 x IO4 dpm of "S-labeled oligonucleoridelpl. The hybridization buffer was 4 x SSPE, 1.2 M sodium phosphate, pH 7.2,0.1% (w/v) N-lauroylsarcosine. 1 x Denhardt's, 0.5 mglml yeast tRNA, 20 mM dithiothreitol, 50% (vlv) formamide. The sections were hybridized for 14-16 hr at 42% in moist chambers. Posthybridization washings were successively performed as follows: (a) 4 x SSPE, 20 mM dithiothreitol for 30 min at RT; (b) 1 x SSPE for 10 min at RT; (c) 1 x SSPE for 20 min (twice) at RT; (d) 1 x SSPE for 30 min at 43'C (e) 0.1 x SSPE for 30 min at 43°C: (f) 0.1 x SSPE for 30 min at 4S'C. The sections were dehydrated in successive 30%. 70%. and 100% ethanol baths and air-dried.
Autoradiography was carried out using the LM-1 emulsion (Amersham) into which the sections were dipped for 3 sec. After air-drying and desiccation for 2-3 weeks. the sections were developed for 3 min in Kodak D-19 developer, washed, and fixed for 5 min in 30% (wlv) sodium thiosulfate. After washing. they were counterstained with methyl green pyronin (Sigma: St Louis, MO).
Negative controls for in situ hybridization consisted of (a) prior digestion with RNAse A (Boehringer; Mannheim, Germany) (IO), (b) hybridization with the sense probe NAU 40. (c)competition with a >@fold excess of unlabeled relevant or irrelevant probe, and (d) Substitution of human mucosa by human muscle.
-

Results and Discussion
In this report, we show that localization of the MPI mRNA was found only in the serous cells of bronchial submucosal glands, both in normal and pathological conditions. The results obtained with the 48-mer probe NAU 41, which corresponds to the active site of the carboxy terminal part of the MPI protein, on different sections of human bronchial mucosae are shown in Figure 1 .
In Figure 1A , a positive hybridization signal was seen only in the serous acini of the submucosal glands from a large macroscopically normal airway. No label was detected in the mucous cells of the acini, which were easily identified by their large uncolored secretory granules, or in the surface epithelium of the mucosa, which contains goblet cells known to synthesize mucins. These two cell types have previously been shown by hybridization with specific probes to express different mucin genes (10) . In this work, no expression of the MPI gene in the surface epithelial cells of bronchial mucosa was observed.
To better discriminate between mucinous and serous acini, an- An investigation of a bronchiolar section from a patient with bronchoalveolar emphysema is shown in Figure 2A . It was performed by hybridization using the same specific probe NAU 41. No positive signal could be detected either in the bronchiolar epithelium or in the adjacent parenchyma, indicating that no specific MPI mRNA was expressed at that level. This result suggests that the presence of MPI protein in close contact with elastic fibers, as previously shown by an immunogold labeling technique (4). might be due to its diffusion from the serous cells where it is synthesized. This diffusion capacity of MPI is in relationship with its low molecular mass (11,726 KD).
When negative controls were performed using the sense probe NAU 40 ( Figure 2B) . no signal was observed on the serous cells of a large airway.
Expression of the MPI gene was shown in this work to be detected solely in the serous cells of the submucosal glands of the airways. No expression could be localized in the surface epithelial cells of bronchi and bronchioles. These results corroborate those obtained by immunohistochemical studies as far as serous cells are concerned (2). However, discrepancies appear for surface epithelial cells, which have been shown by immunoelectron microscopy studies to be reactive with specific antibodies against MPI by a goldlabeling technique (3). The localization of MPI in surface epithelial cells has not been confirmed later by the same authors (3) or by other groups.
The in situ hybridization technique associated with detection by light microscopy was successfully used in this work as a new approach to studying MPI gene expression. Further studies should benefit from the high resolution of electron microscopy to precisely investigate that expression in precursor cells of acini and in Clara cells. They could determine whether differential expression of MPI gene occurs in pathological conditions such as inflammation, pulmonary emphysema, and cancer. other section of the same airway is shown in Figure 1B . Specific signals were visualized in the serous acini as grains that were peripherally located, whereas mucinous acini remained unlabeled. The seromucinous acini shown in Figure 1B were labeled only on the serous cells.
A section from a patient with bronchial carcinoma is shown in Figure IC . Again, positive hybridization signals were present exclusively in the serous cells. Therefore, the same hybridization patterns were observed in normal and pathological sections, emphasizing the fact that the MPI gene is still expressed when the bronchial tissue differentiates from normal to a carcinomatous state. The 
